Neothyosides A -C, isolated from the body walls of the sea cucumber Neothyone gibbosa Deichmann, and a partially purified mixture of these saponins, were tested in vitro against promastigotes of two strains of Leishmania mexicana and a panel of several fungi using the broth microdilution technique. In addition, the cytotoxicity of these saponins was tested against Artemia salina. The IR, 1 H and 13 C NMR spectroscopic and FAB MS data of neothyoside C revealed that its structure was identical to that of pervicoside B, isolated from another sea cucumber species, Holothuria pervicax. Neothyoside C was the most active antiparasitic compound, inhibiting 100% of the promastigotes at 5 and 10 μg/mL of both L. mexicana strains. The mixture of saponins and pure neothyoside C showed the best activity against Aspergillus niger strains with MIC values between 15.6 μg/mL and 16.7 μg/mL for the mixture, and 4.65 μg/mL and 7.8 μg/mL for neothyoside C. Assays for cytotoxicity using Artemia salina showed that neothyosides A and C caused 50% brine-shrimp deaths at 130 and 63 μg/mL with this cytotoxicity 4 to 6 times greater than the concentration at which these compounds produce an antimicrobial effect. This is the first report describing the antileishmanial, antifungal, and cytotoxic activity of N. gibbosa saponins.
Leishmaniasis is caused by protozoan parasites of the genus Leishmania and is becoming a serious health problem in the tropical and subtropical regions of 88 countries where the disease is endemic [1] . It has an annual incidence of 1.5 to 2 million cases and 200,000 people die from the disease each year [2] . There are many drawbacks to current chemotherapy for leishmaniasis, including problems of low efficacy, severe toxic side effects, and emerging drug resistance [3, 4] . Some of the newer therapies, such as the lipid formulations of amphotericin B, are extremely expensive and preclude their use among the poor who are the most affected by the disease.
Although the recent approval of miltefosine as the first oral treatment for visceral leishmaniasis is important [5] , there is an urgent need for new antileishmanial drugs that could offer new alternatives.
The frequency of infections caused by fungi has dramatically increased in recent decades, particularly among immunocompromised patients [6] . A matter of concern in the treatment of fungal infections is the limited number of efficacious antifungal drugs [7] . Many of those currently available have either undesirable side effects or are ineffective against new or re-emerging fungi, with these problems compounded by the rapid emergence of resistant organisms, which further diminishes therapeutic capabilities [8, 9] . There is a clear need for new, effective, and safe antifungal drugs with low toxicity to humans to improve the treatment of fungal infections in humans, animals, and plants [10] .
NPC Natural Product Communications
Saponins are a structurally diverse class of molecules that are widely distributed in terrestrial plants and in certain marine organisms. Saponins from terrestrial origin have shown a wide array of important biological activities including antileishmanial [1, 2, [11] [12] [13] and antifungal ones [12, [14] [15] [16] [17] [18] [19] [20] [21] [22] . Some of them also have antiprotozoan [12] and molluscicidal activities [23] .
As part of our continuous search for bioactive compounds, many marine invertebrates from the Gulf of California (México) have been screened in the last two decades at the Universidad Autónoma de Baja California Sur [24] [25] [26] [27] and two triterpenoid sulfated glycosides, neothyosides A and B (Fig. 1) , have been isolated from the holothurian Neothyone gibbosa Deichmann [28, 29] . Shortly after our first report, pervicosides A, B, and C were reported from Holothuria pervicax and the antifungal activities of their nonsulfated forms were assayed [30] . Pervicoside A was shown to be chemically identical to neothyoside A. During the attempts to reisolate compounds from N. gibbosa to evaluate their biological activity against different targets, we isolated one additional compound, the sulfated tetraglycoside saponin neothyoside C (Figure 1) , not previously known from this species. Neothyoside C proved to be chemically identical to pervicoside B from H. pervicax. These three monosulfated triterpenoid glycosides possess the structural characteristics usually found in holothurians; an aglycon of the lanosterol type with an 18 (20) lactone and a sugar chain of up to six monosaccharides joined to C-3 (four monosaccharides for neothyosides A and C and two for B). They possess a 9(11) double bond, not common in the order Dendrochirotida [32] to which N. gibbosa belongs.
Kalinin et al. [33] have reviewed the antifungal, antiprotozoan, and cytotoxic activities of holothurins, together with other reported biological activities. After this review, other publications reported antifungal and cytotoxic activities of glycosides of holothurians, mostly 7-ene holothurins [31, [34] [35] [36] [37] [38] .
There are a few, but interesting, studies involving 9(11)-ene holothurins, with a structure closely related to neothyosides A -C [34 and references cited therein], which will be compared with our results in the discussions of results.
This study reports the isolation of neothyoside C from N. gibbosa, and the antileishmanial, antifungal, and toxic properties of neothyosides A -C, and of a mixture of them. To the best of our knowledge, this is the first report on antifungal and cytotoxic activities of the N. gibbosa saponins, and the first study on the leishmanicidal activities of triterpenoid glycosides of the holostanol series. The fractionation of the n-BuOH extract of N.
gibbosa, using reverse-phase flash chromatography, allowed us to isolate neothyoside A and B along with a tetraglycoside monodesmoside saponin that appeared to be new, and, therefore, we named it neothyoside C [47] . A closer analysis of its IR, 1 H and 13 C NMR, and FAB mass spectra showed that we had a compound previously isolated from another sea cucumber, Holothuria pervicax [30] , already known as pervicoside B.
Leishmanicidal activity: The in vitro leishmanicidal activities of neothyosides A, B, and C against promastigotes of two strains of Leishmania mexicana are shown in Table 1 , with pentamidine as the reference drug. The results showed that neothyoside C was the most active compound, inhibiting 100% of the promastigotes of both L. mexicana strains at 5 and 10 μg/mL, thus showing an antileishmanial activity greater than pentamidine. Neothyoside A inhibited 100% of the promastigotes of the parasite at 100 μg/mL and neothyoside B showed leishmanicidal activity up to 100 μg/mL.
Antifungal activities: Table 1 shows MIC values of neothyosides A, B, C, and of the crude mixture of glycosides against a panel of fungi. The mixture of saponins (Fraction 6) was used considering the possibilty that a synergic effect could facilitate their use, instead of using a pure compound isolated with an expensive procedure. The mixture showed antifungal activities against all fungi tested (MICs = 15.6-250 μg/mL) with A. niger, A. flavus and A. fumigatus the most susceptible species (MICs = 15.6-32 μg/mL).
Results with pure compounds showed that neothyoside C had the best activities, particularly against A. niger, with MIC values between 4.65 and 7.8 μg/mL, lower than that of ketoconazole. It is interesting to note the difference in the antifungal activities of neothyosides C and A (which differ only in the lateral chain at C-20) against A. niger. Neothyosides A and B, which differ only in the length of the sugar chain, appear as interesting antifungal compounds, particularly against Aspergillus species, with similar MICs (18.7-32 μg/mL for neothyoside A and 32-62.5 μg/mL for neothyoside B). These results suggested that the chain length does not have a great influence on the antifungal activity, which is in accordance with results obtained by Kitagawa et al. for derivatives of holotoxin A 1 possessing a Δ 9-11 double bond [33, 48, 49] and in contrast with results obtained by Maltsev et al. [50] for holothuroids with a Δ 7-8 double bond and isolated from species of the Stichopodiae family. In addition, the results add new evidence to the findings of Kitagawa et al. [51] that the presence of at least one oxygen-containing functional group neighbouring the 18 (20) lactone (in this case on C-12) plays an important role in the antifungal activity. They also confirmed that a sulfate group on C-4 of the first xylose is not important for activity [see Ref 30,  where the desulfated forms of pervicosides A and B (= neothyosides A and C) also displayed good antifungal activities]. Neothyosides A and B possess selective antifungal properties because they inhibit the growth of fungi, but not of Leishmania, up to 100 μg/mL.
In contrast, Neothyoside C showed excellent activities against both Leishmania (IC 100 = 5 μg/mL to 10 μg/mL) and Aspergillus niger (MIC = 4.65 μg/mL to 7.8 μg/mL) with a selective antifungal activity towards this fungal species (MIC values against other fungi were 32 μg/mL -250 μg/mL). Both neothyoside A and C exhibit lower antifungal activity than the desulfated compounds from Holothuria pervicax [30] . These activities seemed to be related to the structure of the triterpenoid aglycon and the presence and number of the sulfate groups in the glycon chain [31, 34, 35] . This is not an uncommon finding, but examples are known of the opposite behavior attesting to the complexity involved in these activities [33] . Thus, they are attractive for further research because not only potency, but selectivity should be used as criteria for a lead selection [52] .
Cytotoxicity assays:
Results with A. salina showed that the cytotoxic concentrations causing 50% shrimp deaths were 130 μg/mL and 63.0 μg/mL for neothyoside A and C. The concentrations at which these saponins showed toxicity are higher than the concentration at which they produce antimicrobial effects. Neothyoside B was not tested in this screen because the amount available was insufficient.
This report is the first that describes the antileishmanial, antifungal, and cytotoxic activities of N. gibbosa saponins, adding valuable information to the existing reports on biological activities of saponins of marine origin.
Experimental

General experimental procedures:
The IR spectrum was recorded on a Perkin Elmer model Paragon 500 FTIR spectrometer, in a KBr pellet, from 4400 to 400 cm -1 . The mass spectrum was obtained on a JEOL JMS-HX/HX 110 A spectrometer using the direct inlet system. The 1 H and 13 C NMR spectra were recorded on a Varian UNITY 400 spectrometer operating at 400 MHz for protons and at 100.57 MHz for carbon. All NMR spectra were taken in pyridine-d 5 . The HPLC analysis was done on an HPLC system coupled with a Waters Millenium 996 photodiode array detector. All analytical organic solvents were distilled in glass before use, except those that were supplied as HPLC grade. Thin layer chromatographic analyses were made on precoated silica gel 60 F 254 and C18 reverse-phase plates (200 μm thick, Whatman). Spots were visualized by UV illumination and by spraying with 0.25% vanillin in 10% sulfuric acid.
Materials:
The sea cucumbers were collected in August 1996 at Islas Espiritu Santo-La Partida, Baja California Sur, México. The sample was identified by Dr. Carlos Sánchez, according to Brusca, 1973 [39] . A voucher specimen, No RED9651, is retained at the Pharmacognosy Laboratory of the Agronomy Department of Universidad Autónoma de Baja California Sur, México.
Extraction and purification:
Small pieces of the body wall (1.2 kg) of N. gibbosa were extracted at room temperature with distilled EtOH and evaporated under reduced pressure to give the crude EtOH extract (35.5 g ). This extract (35 g) was treated with CHCl 3 : MeOH: H 2 O (6:4:1) and filtered to remove insoluble materials. The filtrate was concentrated under reduced pressure (21 g ) and subjected to vacuum column chromatography on silica gel 60-230 mesh in a ratio of 1:3 with successive elution with 100% light petroleum, light petroleum: EtOEt 1:1, 100% EtOEt, EtOEt: CHCl 3 1:1, 100% CHCl 3 , 100% MeOH, and H 2 O to obtain 7 fractions. Fraction 6 (mixture of saponins, 2 g), which was eluted with MeOH, was dissolved in H 2 O and extracted with n-BuOH (x 8) to give 0.85 g of a residue obtained after evaporation of the n-BuOH phase. Part of this residue (400 mg) was fractionated on a reverse-phase-flash chromatography column on silica gel C 18 (40- 63 μm) , in a ratio of 1:75, using MeOH: H 2 O (6:4) as the eluent to give 5 fractions. Fraction 2 gave neothyoside A (141 mg) and Fraction 4 gave neothyoside C (94 mg). Neothyoside B (18 mg) was isolated as previously described [30] .
Test of inhibition of growth of promastigotes of
Leishmania mexicana: Cultures of L. mexicana strains were obtained from Laboratorio de Patología Experimental del CINVESTAV and Laboratorio de Inmunología de la Escuela Nacional de Ciencias Biológicas (ENCB), México. Two strains of Leishmania were used in this study, L. mexicana strain MHOM/MX/84ISETGS (isolated from a patient with diffuse cutaneous leishmaniasis) and L. mexicana strain MHOM/MX/88HRCMC (isolated from a patient with localized cutaneous leishmaniasis). Parasites were cultured at 26°C in Schneider's drosophila medium, supplemented with 10% fetal bovine serum (FBS), penicillin (100 IU/mL), and streptomycin (100 μg/mL). Assays were made in 96-well plates and all compounds were evaluated in triplicate. Compounds were dissolved in dimethyl sulfoxide (DMSO) and diluted with liquid medium. A mixture of 100 μL of compound solution and 100 μL of culture medium containing 10,000 parasites was added to obtain concentrations of 100, 50, 25, 10, 5, and 2.5 μg/mL. Pentamidine was used as a positive control at a final concentration of 10 μg/mL. Controls containing parasites without extract were also included. The plate was incubated at 26°C for 72 hours and the leishmanicidal activity of the extracts was determined by direct observation using an inverted phase microscope for the presence and motility of promastigotes in each well. The 100% Inhibitory Concentration (IC 100 ) is the dose required to produce no mobile parasites [40] [41] [42] . 20 g, and distilled water to make 1 L). For the assay, stock solutions of compounds were diluted two-fold with RPMI-1640 to give concentrations from 2000 to 0.049 μg/mL and a final DMSO concentration ≤ 1%. The starting inocula were 1x10 3 to 5x10 3 CFU/mL. A volume of 100 μL of inoculum suspension was added to each well, except for the sterility control where sterile water was added to the well instead. Microtiter trays were incubated in a moist, dark chamber, at 30 o C for yeasts and hialohyphomycetes and at 28 to 30 o C for dermatophyte strains. The MIC was defined as the lowest compound concentration that completely inhibited the fungal growth after incubation. They were visually recorded at 48 h for yeasts, and at a time according to the fungus growth in the control for the rest of fungi. Ketoconazole and terbinafine were used as positive controls for antifungal activity.
Antifungal evaluation
Microorganisms and media:
Cytotoxicity against Artemia salina: Brine-shrimp eggs (Microfeast ® ) were hatched at 27°C under continuous illumination in sea water prepared with 38 g/L sea salt (Sigma ® ) supplemented with 6 mg/L dried yeast, and with air bubbling using an aquarium pump [45] . The tetraglycosides neothyoside A and neothyoside C were dissolved in DMSO (final concentration 1%) and diluted with seawater to concentrations of 1000, 100, and 10 μg/mL, in triplicate. Cupric sulfate (Manica ® ) was used as positive control at concentrations of 100, 10 and 1 μg/mL. After 48 h, ten nauplii were placed in each test tube containing the test concentrations and controls. The lethal concentration of 50% (LC 50 ) was determined by counting the dead nauplii after a 24 h incubation period. Data were analyzed with the Finney computer program, as described previously [46] .
